hydrodynamic loading. Furthermore, the presence of entrapped air in the fluid is supposed to inhibits 48 cavitation.
49
In this work we report on experimental evidences about cavity formation during water entry of 50 flexible structures. Many experimental campaigns on the water impact of compliant bodies can be 51 found in the literature [35] [36] [37] [38] , but to the Authors' best knowledge, none of these reported on cavity 
Cavitation onset in rigid bodies water entry as predicted by analytical formulations

58
The dynamics of the water entry of rigid bodies can be accurately predicted by utilizing Wagner's model [13] . Such solution relies on the concept of added mass (or virtual mass), where an increasing mass m of water is considered to move with the body as it penetrates the water. In this framework, the velocity and acceleration of the impacting wedge are given by [13] 
being ξ the entry depth, M the mass of the wedge per unit depth, V 0 the initial entry velocity, and β the deadrise angle. Figure 1 shows a sketch of the problem. Wagner's model further allows to compute the pressure distribution along the wet portion of the body as p ρ =ξ r 2 − x 2 + π 2ξ 2 r tan(β)
where r is the horizontal projection of the wet length of the wedge, which reads accounts for the water pile-up along the wetting edge due to the displaced water. Such value has been 60 later found not to be a constant, as it actually varies with the deadrise angle [39] . We'll here utilize π 2 61 as this does not qualitatively alter the solution.
62
In the case of water entry at a constant speed, the solution is self-similar in time. Otherwise, 63 the component related to the acceleration may overcome the component associated to the velocity in 64 equation (2), with the pressure eventually going sub-atmospheric at some locations. Figure 2 shows an example Wagner's pressure distribution prediction at several impact times. The location of the peak pressure is constant and the minimum pressure is always located at the keel of the wedge (x = 0), and equals
We can therefore express the cavitation onset condition in terms of the dynamics components aṡ
being p a the atmospheric pressure and p v the vapour pressure. Using equation (1), the left hand side of the formula can be written in terms of ξ only and equals showing a minimum at the entry depth ξ * = 4
which, substituted in eq. 4, predicts that the minimum pressure at the keel isξ 2 +ξξ
It is noticeable that the penetration depth ξ * might not be reached during the impact due to insufficient initial entry velocity. Wagner's solution thus predicts that cavitation during the water entry of a rigid wedge occurs if
Notably, ξ * is independent from the impact velocity but is function of the geometrical data only. 
Preliminary experimental evidences
73
The analytical solution presented in the previous section shows that cavitation (intended in 74 its original meaning) do might appear during the water entry of rigid bodies. However, such 75 occurrence is extremely difficult to be attained as to reach pressures lower than the vapour pressure 76 we need the combination of very high velocity and extremely lightweight bodies. Similar results
77
were considerations are found in [28] for different body shapes. Further, all these solutions are 2D 78 approximations and do not take into account for the effects at the front and rear faces of the wedge 79 (but are indeed valid for axial-symmetric bodies). We will now discuss such issue by referring to the 80 keel edge only, being the location where the minimum pressure is attained. The keel is always wet,
81
being the first portion of the wedge touching the water. However, as the wedge enter the water, it 82 digs a hole on it, pushing the water sideways. The front and back sides of the wedge actually remain 83 dry and always "see" the atmospheric pressure. The hole in the water will eventually collapse, but 84 it takes a time way longer than the impact duration. Therefore, the pressure at the keel varies from 85 the theoretical one at its mid-span to the atmospheric one at its vertexes. As the pressure at keel goes 86 below the gage pressure, its effect is forcing some air to enter from the sides, forming a cavity beneath 87 the wedge.
We performed some experiments on rigid wedges on this sense. In our experience such occurrence 89 never happened in free-fall impacts, but was indeed found when the deceleration of the wedge was 90 imparted mechanically through a pneumatic actuator, or by a mechanic end-run forcing the wedge 91 to suddenly decelerate. Such results are thus to be considered artificial and are not presented here.
92
We therefore never encountered cavity formation in free fall water entry of rigid bodies, whereas we 
Experimental set-up
102
Experiments were conducted on a drop weight apparatus appositely assembled for the 103 experimental campaign. The falling body is comprised by a sledge holding two panels joined together 
108
The experimental setup is the same utilized in [40] . Impact acceleration is measured by a V-Link
109
Microstrain wireless accelerometer (±100g) located at the tip of the wedge. All reported accelerations 110 are referenced to 0 g for the free-falling phase. The sampling frequency is set to its maximum of 4kHz. The dynamics of the impact is captured through a high speed camera looking trough a window 115 on the water tank. As mentioned before, only frontal views can be captured through the high speed Conversely, moving to a stronger impact (R<100, by lowering deadrise angle and panel stiffness,
167
and increasing the impact velocity), the dynamic response shows very different results. shows the deformation in time of a flexible wedge entering the water from an impact height of 2.5m.
169
Due to the flexibility of the wedge and the very severe impact load, the panel is largely deforming 170 downward at the beginning of impact. At its maximum deformation (top-right figure) the panel is 171 almost horizontal at its free edge.
172
The overall deformation of the panels can be better caught by looking at the recordings of the ruled by the first natural frequency of the panel, which is not influenced by the entry velocity.
202
It was previously shown that the cavity cross-sectional area increases with the impact velocity 203 and structural compliance. We here give some insights on its effect on the acceleration of the body 204 during the impact. not reported here for brevity. The numerical scheme utilized herein is the same one described and 223 validated in [40, 43] , and is here utilized to get further insights on the cavity formation phenomenon.
224
The results presented in the following are mainly qualitative and are not intended to be a validation 
Conclusions
255
Experimental drop-tests of flexible wedges were performed to study the Fluid-Structure
256
Interaction phenomena that generate during the water entry, with particular attention to the cavity 257 formation process and its effect on impact dynamics. It was found that when the deflection of the wedge 258 is small, no fluid-structure interaction phenomena appear and established analytical formulations for 259 rigid bodies can be used to evaluate the impact force and the hydrodynamic pressure. However, large FEM/SPH numerical model utilized here, which actually suffers similar drawbacks of many other 274 coupled numerical schemes utilized in the literature, is capable to predict the onset of cavity formation.
275
However, it can not correctly predict its evolution due to a weak coupling between SPH particles and 276 FEM elements, which can not fully treat the proper boundary condition for the fluid. Tiziano Pagliaroli.
